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We studied the inactivation of Listeria monocytogenes during the thermal process-
ing of liver sausage. Liver sausage emulsion was prepared and inoculated with L.
monocytogenes Scott A to yield an initial population of c. 10° g7.. The inoculated
emulsion was stuffed into large diameter, moisture-proof fibrous casings and cooked
in a smokehouse. Individual sausages were removed as the product reached various
predetermined internal temperatures, and duplicate core samples were analyzed for
viable L. monocytogenes by surface plating onto tryptose agar. The viable count re-
mained unchanged in product heated to 140°F. In product heated to 145°F, the
number of viable L. monocytogenes decreased and at 155°F, no viable L. monocyto-
genes were detected. Thus, liver sausage and other large diameter non-fermented

sausage product heated to 155°F should be free of viable L. monocytogenes.

Introduction

Listeria monocytogenes is a psychro-
trophic human pathogen which is
widely found in the environment. The
organism can be readily isolated from
water, vegetation, sewage and a variety
of warm-blooded animals (Gray and
Killinger 1966). It can also be isolated
from various raw foods such as milk,
poultry, red meat and seafoods (John-
son et al. 1990, Pearson and Marth
1990).

L. monocytogenes can be destroyed by
many of the heat treatments used to
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process food products such as HTST
milk pasteurization (Farber 1989,
Lovett et al. 1990), ice cream mix pas-
teurization (Holsinger et al. 1992) and
processing frankfurter emulsion to
160°F (Zaika et al. 1990). Previous stud-
ies from this laboratory (Bhaduri et al.
1991) investigated the thermal resis-
tance of L. monocytogenes during the
processing of liver sausage slurry and
this permitted the determination of
D-values for the organism in this sys-
tem. In the present study, we report on
the fate of L. monocytogenes during the
thermal processing of liver sausage pre-
pared under commercial process condi-
tions in a smokehouse to define the final
internal temperature which must be
reached to ensure a product free of the
organism.
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Materials and Methods

Culture

Listeria monocytogenes Scott A (originally
obtained from J. Hunt, FDA, Cincinnati,
OH) was used throughout these studies. The
stock culture of the organism was carried in
Brain heart infusion broth (BHI; Difco, De-
troit, MI) tubes held at 5°C. The culture was
transferred at monthly intervals to ensure
viability. For thermal destruction studies in
sausages, the organism was grown first in a
1 litre Erlenmeyer starter flask containing
200 ml BHI broth with 0-3% added glucose
and incubated for 20 h at 37°C with shaking
(150 rpm). Ten flasks of BHI-glucose (200 ml
in 1 litre Erlenmeyer flasks) were each inoc-
ulated with 20 ml from the starter flask and
incubated as above. The cells were harvested
by centrifugation (16300 X g, 5°), washed
twice with sterile 0-1 M potassium phosphate
buffer (pH 7-2) as done previously for inacti-
vation studies on Staphylococcus aureus
(Smith et al. 1982), and resuspended in
c. 20—25 ml sterile distilled water.

Preparation of liver sausage

Standard liver sausage was prepared as de-
scribed by Komarik et al. (1974) and Kram-
lich et al. (1973). Product was prepared in
10 kg batches as follows: fresh pork liver,
5 kg; 50/50 pork trimmings (coarse ground,
15" plate), 5 kg; NaCl, 250 g (2-5%); sucrose
100 g; NaNO,, 1.56 g; and spice mixture,
52.34 g. The spice mixture contained: black
pepper, 25 g; nutmeg, 6-25 g; clove, 6-25 g;
ginger, 6-25 g; allspice, 6-25 g; onion powder,
1.56 g; and garlic powder, 0-78 g. The spice
mixture was sterilized in a Cesium-137
source (30 kGy at 25°C) prior to use. Liver
sausage emulsion was prepared as follows:
the liver-pork trimmings were chopped in a
Schnell Universal Kutter (Hobart, Model
HC14-450, Troy, OH) until the mixture bub-
bled (about 10 min), then the rest of the in-
gredients were added and the mixture
chopped another 5 min. The emulsion was
then taken to the laboratory to be inoculated
with the culture of L. monocytogenes. Dupli-
cate experiments were performed on sepa-
rate days.

Inoculation of liver sausage emulsion

The prepared emulsion was inoculated with
the resuspended Listeria culture (with

c. 5 ml green food dye added; previous work
(Zaika et al. 1990) indicated that the green
food dye had no adverse effect on the organ-
ism. Use of the green food dye ensured com-
plete mixing of the culture and emulsion and
aided in the clean-up and sanitation of
equipment) and the culture mixed in by
hand in a large sterile dishpan. All contami-
nated equipment, gloves, laboratory coats,
etc., were disinfected either by autoclaving
or treatment with a bacteriocidal sanitizer.
After sampling, unneeded Listeria-contain-
ing sausage material was autoclaved before
disposal. Routine pathogen control proce-
dures were employed to ensure safety of lab-
oratory personnel and prevent contamina-
tion of the laboratory environment. After the
Listeria culture was mixed in, the inoculated
liver sausage emulsion was stuffed into
moisture proof fibrous casings (5 N; 13-33 ecm
flat diameter; Teepak, Danville, IL) to yield
sausages approximately 1 kg in weight (c.
33 cm long). The ends of the casings were
tied by hand.

Heating the inoculated liver sausages

The L. monocytogenes-containing sausages
were heated, without smoke, in a tempera-
ture and humidity controlled smokehouse
(Koch, Model MP-2; Koch Supplies, Inc.,
Kansas City, MO) set as the following
sequential conditions: 160 min at 165°F dry
bulb (DB) and 140°F wet bulb (WB); 50 min
at 170°F DB and 140°F WB; and 185°F DB
and 175°F WB until the final processing
temperature was attained. Internal product
temperature was monitored continuously
with a thermocouple inserted into the geo-
metric center of a sausage. As the internal
temperature reached certain predetermined
values, a sausage was removed from the
smokehouse. One 50 g 1" center core [taken
after the rounded end portion (c. 2") was cut
off and discarded] was aseptically removed
from each end of the sausage (designated A
and B in Fig. 1), each placed in separate
Stomacher filter bags, 200 ml cooled (in an
ice bath) 0-1% peptone water added, and
sausage-peptone water emulsion was
blended for 2 min in a Stomacher 400 labo-
ratory mixer. The sausage was sampled im-
mediately upon removal from the smoke-
house and thus rapid cooling took place
during preparation of the initial 1:5 slurry.
This procedure for sample cooling was initi-
ated to eliminate previously observed non-
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Fig. 1. Effect of heat processing on the viable population levels of L. monocytogenes inocu-
lated into liver sausage. In the individual experiments, A and B represent samples taken
from opposite ends of the same sausage. Experiments I and II represent individual experi-
ments done on different days. (Dashed line represents the low limit of detection.) (a) Experi-

ment I. (b) Experiment II.

reproducible thermal destruction plots
caused by different amounts of continued
killing that occurred if the whole sausages
were cooled before sampling. Thus, the data
presented represent a conservative estimate
of the thermal destruction of L. monocyto-
genes which would occur under commercial
conditions since further lethality would be
expected during the normal cool-down time.

Determination of L. monocytogenes in
liver sausage

The number of L. monocytogenes which sur-
vived heating to different internal tempera-
tures was determined by surface plating the
initial 1:5 slurry or further dilution(s) made
in 0-1% peptone water onto tryptose agar
(Difco). Plates were counted after 48 h at
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37°C. This non-restrictive medium was used
to ensure recovery of all (both injured and
non-injured) L. monocytogenes; the identity
of surviving colonies was verified as de-
scribed previously by Zaika et al. (1990). The
count of the raw emulsion before the addi-
tion of the L. monocytogenes culture was
c. 10%-10%g and consisted of Gram-negative
rods. These were not encountered on any of
the recovery plates.

Results and Discussion

Most thermal destruction studies of
foodborne pathogens are done in model
systems. In this study, we inoculated
liver sausage emulsion with L. monocy-
togenes and then processed the sausages
under conditions approximating com-
mercial operations. Data from two sepa-
rate experiments are presented in Fig. 1
(a,b). Both experimfnts show similar
results: essentially no decrease in the
number of viable L. monocytogenes was
observed until the product temperature
reached 145°F. At 150°F, there was a
very marked decrease in viable L. mono-
cytogenes and at 155°F, the number of
viable L. monocytogenes was decreased
to below the lower limit of detection.
The data from an individual experiment
[Experiment I, Fig. 1(a)] were analyzed
using the degree minute technique (an
integration procedure which combines
time and temperature, see Zaika et al.
1990). Plotting of log;, L. monocytogenes/g
vs total heat treatment in degree-min
(not shown) gave a response similar to
the simple plot of log;, L. monocytogenes/g
vs time shown in Fig. 1.
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